Particulate-Induced, Prostaglandin- and Cytokine-Mediated Bone Resorption in an Experimental System and in Failed Joint Replacements.
Total hip arthroplasty (THA) has provided dramatic pain relief and improvement in function for millions of patients with end-stage arthritis; however, periprosthetic osteolysis following THA has become increasingly recognized as a major clinical problem in both cemented and cementless reconstructions. An aggressive granulomatous tissue (interfacial membrane) consisting predominantly of fibroblasts, aggregates of macrophages, and foreign body giant cells develops at the interface of bone/prostheses or bone/cement. It is believed that particulate wear debris from prosthetic materials and/or bone cement are phagocytized by histiocytic cells of interfacial membrane and then these cells produce inflammatory mediators and proteolytic enzymes to provoke a cascade of osteolytic events. In this paper, we studied in vitro responsiveness of various cell types to particulate wear debris. Although titanium and titanium alloys demonstrate excellent biocompatibility in bulk from, titanium in particulate form can provoke a variety of cellular responses. We have found that small-sized Ti particles of phagocytosable size, a commonly encountered particle species in the periprosthetic tissues of failed THAs, stimulate macrophages to secrete various mediators of bone resorption (prostaglandin E(2), interleukin-1, interleukin-6, and tumor necrosis factor-alpha from macrophages and cause bone resorption in organ culture. In addition, we have shown that phagocytosable titanium particles stimulate fibroblasts to up-regulate the expression of matrix metalloproteinases (stromelysin and collagenase) without a substantial effect on the tissue inhibitor of these enzymes (TIMP). Titanium particulates also have a suppressive effect on procollagen synthesis by osteoblast-like cell line. Thus, titanium particulates have the capacity to stimulate bone resorption and inhibit bone matrix formation. In this series of experiments, we have also shown in vitro inhibitory effect of certain pharmaceutical components (indomethacin, misoprostol) upon bone resorption in organ culture, which may indicate a potential therapeutic intervention to prevent or treat particulate-induced pathological bone resorption in total joint arthroplasties.